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IN -WHEEL MOTOR SYSTEM 

BackarQund of the Tnv entinn 
[Field of the Invention] 

The present invention relates to an in-wheel motor 
system for use in vehicles having direct-drive wheels 
as drive wheels. 

[Description of the Prior Art] 

In recent years, in a vehicle driven by a motor 
such as an electric car, an in-wheel motor system which 
incorporates a motor in wheels is being employed due 
to its high space efficiency and drive force 
transmission efficiency. The in-wheel motor of the 
prior art has a structure that a motor portion is fixed 
to a spindle shaft connected to a part called "upright" 
or "knuckle" which is a frame dress-up part of the 
vehicle so that a motor rotor and a wheel can turn. Fig. 
72 shows the constitution of an in-wheel motor 80 
disclosed by JP-A 9-506236 (the term "JP-A" as used 
herein means an "unexamined published Japanese patent 
application") . in this in-wheel motor 80, a rotor 80R 
having magnet means ( permanent magnet ) 8 OM i s i ns t a 1 1 ed 
in a housing 82 fixed to a wheel 81, a stator 803 having 
a coil 80C is mounted on the inner side of the above 
magnet means 80M and fixed to a hollow shaft 84 connected 
to a knuckle 83, and the inner and outer side walls 82a 
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and 82b of the above housing 82 are linked to the above 
stator SOS by bearings 84a and 84b, respectively, so 
that the rotor 80R can turn round the stator SOS. 

In general, in a vehicle having a suspension 
mechanism such as a spring around its legs, it is known 
that as the mass of unsprung parts such as a wheel, 
knuckle and suspension arm so called "unsprung mass" 
increases, variations in the ground-contact load of a 
tire become larger and the road holding properties 
become worse when the vehicle runs on a rough road. 

In the in-wheel motor of the prior art, as the 
motor portion is fixed to the spindle shaft connected 
to a part called "upright" or "knuckle" which is a frame 
dress-up part of the vehicle as described above, the 
above unsprung mass increases by the mass of the 
in-wheel motor with the result that variations in the 
ground-contact force of each tire become larger and the 
road holding properties become worse. 

To solve the above problems, as shown in Fig. 73, 
there is proposed an in-wheel motor system in which a 
rotating side case 3b for supporting the rotor 3R of 
a hollow in-wheel motor 3 and a wheel 2 are 
interconnected by a flexible coupling 10 comprising a 
plurality of hollow disk-like plates llA to IIC and 
direct-acting guides 12A and 12B mounted to the front 
and rear sides of the center hollow disk-like plate IIB 
in such a manner that their moving directions cross each 
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other, and a non-rotating side case 3a for supporting 
a stator 3S and a knuckle 5 are interconnected by a 
damping mechanism 90 comprising a damper 92 mounted to 
a direct-acting guide 91 for guiding in the vertical 
direction of the vehicle and a spring member 93 which 
is connected to the damper 92 in parallel and expands 
and contracts in the moving direction of the above 
direct-acting guide 91 or a damping mechanism 20K 
comprising two plates 26 and 27 whose moving directions 
are limited to the vertical direction of the vehicle 
by direct-acting guides 21 and which are interconnected 
by spring elements 22 and a damper 23 moving in the 
vertical direction of the vehicle as shown in Fig. 74 
(for example, see the pamphlet of WO02/83446) , 

Since the in-wheel motor 3 can be float mounted 
to the knuckle 5 which is a frame dress-up part of the 
vehicle due to this constitution, the motor shaft and 
the wheel shaft can be moved separately in the radial 
direction. That is, as the mass of the motor is 
separated from an unsprung mass corresponding portion 
of the vehicle and serves as the weight of a so-called 
''dynamic damper'', a dynamic damper effect is added 
without increasing the unsprung mass. Therefore, 
variations in the ground-contact load of the tire are 
greatly reduced and the road holding properties of the 
vehicle are greatly improved. 

However, it cannot be said that the above 



constitution in which the in-wheel motor 3 is supported 
by the damper 92 and the spring member 93 which are 
connected to each other in parallel in the vertical 
direction is always satisfactory as compared with the 
constitution of the prior art in which the in-wheel 
motor 80 is mounted to an unsprung mass corresponding 
portion because variations in ground-contact load at 
a frequency near the unsprung resonance frequency are 
not fully reduced though variations in the ground- 
contact load of the tire are greatly reduced. 

It is an object of the present invention to provide 
an in-wheel motor system which is excellent in road 
holding properties by further improving a structure for 
applying the mass of a motor as the weight of a dynamic 
damper . 

Summary of the T n v^n 1- -i or^ 

According to a first aspect of the present 
invention, there is provided an in-wheel motor system 
in which an in-wheel motor, installed in a wheel portion, 
for driving a wheel is mounted to an unsprung portion 
of a vehicle by a damping member or a damping unit, 
wherein 

the motor is mounted to the unsprung portion of 
the vehicle by a damping member comprising a plurality 
of shock absorbers, each having a spring element and 
a damper element connected to the spring element in 
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parallel or a damping member comprising either one or 
more of at least one damper with a spring element, each 
comprising a spring element and a damper element 
connected to the spring element in series and at least 
one composite connection damper whose spring element 
and damper element connected in parallel are connected 
to a spring element in series. 

The unsprung portion of the vehicle is a frame 
dress-up part such as a wheel, knuckle or suspension 
arm . 

According to a second aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the motor is a hollow motor. 

According to a third aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the motor is supported to the unsprung portion 
of the vehicle in the vertical direction by spring 
elements (to be referred to as ""first spring elements" 
hereinafter) and dampers with a spring element, each 
comprising a spring element (second spring element) and 
a damper element (second damper element) connected to 
the spring element in series. 

According to a fourth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the stator side of the motor is supported to 
a knuckle by the first spring elements in the vertical 
direction, and the stator side and the unsprung portion 



6 



of the vehicle are interconnected by dampers with a 
spring element, each comprising the second spring 
element and the second damper element connected to the 
spring element in series and arranged parallel to the 
first spring elements. 

According to a fifth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the motor is supported by springs and dampers 
with a spring element in the horizontal direction in 
addition to the vertical direction. 

According to a sixth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the motor is supported to the unsprung portion 
in the vertical direction by the first spring elements, 
a first damper element and a damper with a spring element, 
comprising a second spring element and a second damper 
element connected to the second spring element in 
series . 

According to a seventh aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the stator side of the motor is supported to 
the knuckle by the first spring elements and the first 
damper element arranged parallel to each other in the 
vertical direction, and the stator side and the 
unsprung portion are interconnected by a damper with 
a spring element, comprising a second spring element 
and a second damper element connected to the second 



spring element in series and arranged parallel to the 
first spring elements and the first damper element. 

According to an eighth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the motor is supported by springs, dampers and 
dampers with a spring element in the horizontal 
direction in addition to the vertical direction. 

According to a ninth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the cylinder body of the damper with a spring 
element is connected in series between the damper 
element (second damper element) and the spring element 
(second spring element) constituting the damper with 
a spring element. 

According to a tenth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the spring element (second spring element) 
constituting the damper with a spring element is a metal 
spring, air spring or rubber spring. 

According to an eleventh aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the spring element (second spring element) 
constituting the damper with a spring element is 
mounted on both sides in the axial direction of the 
piston of the damper with a spring element. 

According to a twelfth aspect of the present 
invention, there is provided an in-wheel motor system. 
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wherein the motor is supported to the unsprung portion 
of the vehicle in the vertical direction by a composite 
connection damper whose spring element and damper 
element connected in parallel are connected to a spring 
element in series. 

According to a thirteenth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the motor is supported to the unsprung portion 
of the vehicle in the vertical direction by the 
composite connection damper and a damper element 
arranged parallel to the composite connection damper. 

According to a fourteenth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the composite connection damper is used as a 
first composite connection damper, a composite 
connection damper whose spring element and damper 
element connected in parallel are connected to a damper 
element in series is used as a second composite 
connection damper, and the motor is supported to the 
unsprung portion of the vehicle in the vertical 
direction by the first composite connection damper and 
the second composite connection damper. 

According to a fifteenth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the cylinder body of the damper element 
arranged parallel to the spring element is interposed 
between the damper element connected to the damper 



element and spring element of the second composite 
connection damper in series and the spring element. 

According to a sixteenth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the cylinder body of the damper element is 
situated at the other end of the spring element arranged 
parallel to the damper element of the composite 
connection damper . 

According to a seventeenth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein 

the spring element constituting the composite 
connection damper is a metal spring, air spring or 
rubber spring. 

According to an eighteenth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein 

the motor is supported by a damper and the composite 
connection damper, or a plurality of the composite 
connection dampers in the horizontal direction in 
addition to the vertical direction. 

According to a nineteenth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the plurality of shock absorbers include at 
least. two shock absorbers which differ from each other 
in one or both of direction and damping factor. 

According to a twentieth aspect of the present 
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invention, there is provided an in-wheel motor system, 
wherein the movable end of at least one of the shock 
absorbers is connected to the motor side and the fixed 
end thereof is connected to the unsprung side of the 
vehicle, the movable end of at least one of the other 
shock absorbers is connected to the unsprung side of 
the vehicle and the fixed end thereof is connected to 
the motor side. 

According to a twenty-first aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the shock absorber is composed of a hydraulic 
unit having a spring, piston and hydraulic cylinder. 

According to a twenty- second aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein 

the piston upper chamber and piston lower chamber of 
the hydraulic cylinder of a shock absorber whose 
movable end is connected to the motor side are connect ed 
to the piston upper chamber and piston lower chamber 
of the hydraulic cylinder of a shock absorber whose 
movable end is connected to the unsprung side by working 
oil flow passages having an independent valve, 
respectively. 

According to a twenty-third aspect of the present 
invention, there is provided an in-wheel motor system 
comprising an in-wheel motor for driving a wheel, which 
is installed in a wheel portion and mounted to an 
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unsprung portion of a vehicle by a damping member or 
damping unit, wherein a motor rotor and a wheel are 
interconnected by a plurality of cross guides which are 
arranged in the circumferential direction of the rotor 
at equal intervals and whose moving directions cross 
each other on the front and rear sides. 

According to a twenty- fourth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein 

the cross guides are arranged such that the moving 
directions of all the motor side guide rails of the cross 
guides become 45'' from the radial direction of the motor 
rotor and the moving directions of all the wheel side 
guide rails become perpendicular to the moving 
directions of the motor side guide rails. 

According to a twenty-fifth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein 

one or more elastic annular dust boots are installed 
between the motor and the wheel to block a space formed 
between the motor and the wheel from the outside. 

According to a twenty-sixth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein 

the rotating side case of the motor and the wheel are 
interconnected by a flexible coupling, and the annular 
dust boot is mounted between the end portion on a side 
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opposite to the flexible coupling mounting side of the 
rotating side case of the motor and the end opposite 
to the above end of the wheel. 

According to a twenty-seventh aspect of the 
present invention, there is provided an in-wheel motor 
system, wherein 

an annular dust boot is provided to block the coupling 
portion of the flexible coupling from the outside. 

According to a twenty-eighth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein 

the annular dust boot has a wavy sectional form in a 
direction perpendicular to the axis. 

According to a twenty-ninth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein 

a plurality of holes are formed in the vicinity of the 
wheel side mounting portion of the annular dust boot. 

According to a thirtieth aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein 

a hollow disk-like partition which can move in the axial 
direction of the motor is provided on the exterior side 
of a motor bearing for connecting the rotating side case 
and the non-rotating side case of the motor. 

According to a thirty-first aspect of the present 
invention, there is provided an in-wheel motor system. 
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wherein 

a hollow portion is formed in bearing fixing covers 
mounted to the exterior side of the motor bearing and 
the hollow disk-like partition is stored in the hollow 
portion . 

According to a thirty-second aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein 

the space in the radial direction between the hollow 
disk-like partition and the bearing fixing cover on the 
rotation side is made larger than the space in the radial 
direction between the hollow disk-like partition and 
the bearing fixing cover on the non-rotation side. 

3rief Description of the Dr^wingc : 

Fig. 1 is a longitudinal sectional view showing 

the constitution of an in-wheel motor system according 

to Embodiment 1 of the present inventions- 
Fig. 2 is a diagram showing the constitution of 

a damping mechanism according to Embodiment 1; 

Fig. 3 is a diagram showing the constitution of 

a damper with a spring element according to Embodiment 

1; 

Fig. 4 is a diagram showing another example of the 

damper with a spring elements- 
Figs, 5(a) and 5(b) are diagrams showing still 

other examples of the damper with a spring element; 
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Fig. 6 is a diagram of an in-wheel motor which is 
supported by springs and damper s with a spring element 
in a horizontal direction in addition to a vertical 
direction ; 

Fig. 7 is a table showing parameters indicative 
of the characteristic properties in the vertical 
direction of vehicles; 

Figs. 8(a) and 8(b) are diagrams showing vehicle 
vibration models (variations in ground-contact load) 
in the in-wheel motor systems of the prior art; 

Fig. 9 is a diagram showing a vehicle vibration 
model (variations in ground-contact load) in the 
dynamic damper type in-wheel motor system of the prior 
art ; 

Fig. 10 is a diagram showing a vehicle vibration 
model (variations in ground- contact load) in the 
in-wheel motor system of the present invention; 

Fig, 11 is a diagram showing a vehicle vibration 
model (variations in ground-contact load) in the 
in-wheel motor system of the present invention; 

Fig. 12 is a graph showing the analytical results 
of vehicle vibration models (variations in ground- 
contact load); 

Fig. 13 is a table showing parameters indicative 





of the characteristic properties in the horizontal 
direction of vehicles; 

Figs. 14 (a) and 14 (b) are diagrams showing vehicle 
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vibration models (variations in longitudinal force) in 
the in-wheel motor systems of the prior art; 

Fig. 15 is a diagram showing a vehicle vibration 
model (variations in longitudinal force) in the dynamic 
damper type in-wheel motor system of the prior art; 

Fig. 16 is a diagram showing a vehicle vibration 
model (variations in longitudinal force) in the in- 
wheel motor system of the present invention; 

Fig. 17 is a diagram showing a vehicle vibration 
model (variations in longitudinal force) in the in- 
wheel motor system of the present invention; 

Fig. 18 is a graph showing the analytical results 
of the vehicle vibration models (variations in 
longitudinal force) ; 

Fig. 19 is a longitudinal sectional view showing 
the constitution of an in-wheel motor system according 
to Embodiment 2 of the present invention; 

Fig. 20 is a diagram showing the constitution of 
a damping mechanism according to Embodiment 2; 

Fig. 21 is a diagram of an in-wheel motor supported 
by springs, dampers and dampers with a spring element 
in the horizontal direction in addition to the vertical 
direction; 

Fig. 22 is a table showing parameters indicative 
of the characteristic properties in the vertical 
direction of vehicles; 

Figs. 23(a) and 23(b) are diagrams showing vehicle 
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vibration models (variations in ground-contact load) 
in the in-wheel motor systems of the prior art; 

Fig. 24 is a diagram showing a vehicle vibration 
model (variations in ground-contact load) in the 
dynamic damper type in-wheel motor system of the prior 
art ; 

Fig. 25 is a diagram showing a vehicle vibration 
model (variations in ground-contact load) in the 
in-wheel motor system of the present inventions- 
Fig. 26 is a diagram showing a vehicle vibration 
model (variations in ground-contact load) in the 
in-wheel motor system of the present inventions- 
Fig. 27 is a graph showing the analytical results 
of the vehicle vibration models (variations in 
ground-contact load) ; 

Figs. 28 (a) and 28 (b) are diagrams showing vehicle 
vibration models (variations in longitudinal force) in 
the in-wheel motor systems of the prior art; 

Fig. 29 is a diagram of a vehicle vibration model 
in an in-wheel motor system in which a motor acts as 
a dynamic damper in the horizontal direction; 

Fig. 30 is a diagram showing a vehicle vibration 
model (variations in longitudinal force) in the in- 
wheel motor system of the present invention; 

Fig. 31 is a diagram showing a vehicle vibration 
model (variations in longitudinal force) in the in- 
wheel motor system of the present invention; 
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Fig. 32 is a diagram showing the constitution of 
a damping mechanism comprising a composite connection 
damper according to Embodiment 3; 

Fig. 33 is a diagram showing an example of the 
composite connection damper; 

Fig. 34 is a diagram showing another example of 
the damping mechanism comprising composite connection 
dampers according to the present inventions- 
Fig. 35 is a diagram of an in-wheel motor supported 
by a composite connection damper in the horizontal 
direction in addition to the vertical directions- 
Fig. 36 is a diagram of another example of the 
composite connection damper of the present inventions- 
Fig. 37 is a diagram showing the constitution of 
a damping mechanism comprising the composite 
connection damper of the present invention and a second 
composite connection damper; 

Fig. 38 is a diagram of another example of the 
second composite connection damper; 

Fig. 39 is a table showing parameters indicative 
of the characteristic properties in the vertical 
direction of vehicles; 

Figs. 40(a) and 40(b) are diagrams showing vehicle 
vibration models (variations in ground-contact load) 
in the in-wheel motor systems of the prior art; 

Fig. 41 is a diagram showing a vehicle vibration 
model (variations in ground-contact load) in the 
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dynamic damper type in-wheel motor system of the prior 



Fig. 42 is a diagram showing a vehicle vibration 
model (variations in ground-contact load) in the 
in-wheel. motor system of the present inventions- 
Fig. 43 is a diagram showing a vehicle vibration 
model (variations in ground-contact load) in the 
in-wheel motor system of the present inventions- 
Fig. 44 is a diagram showing a vehicle vibration 
model (variations in ground-contact load) in the 
in-wheel motor system of the present invention; 

Fig. 45 is a diagram showing a vehicle vibration 
model (variations in ground-contact load) in the 
in-wheel motor system of the present inventions- 
Fig. 46 is a graph showing the analytical results 
of the vehicle vibration models (variations in 
ground-contact load) ; 

Fig. 47 is a graph showing the analytical results 
of the vehicle vibration models (variations in 
ground-contact load) ; 

Fig. 48 is a table showing parameters indicative 



direction of vehicles; 

Figs. 49(a) and 49(b) are diagrams showing vehicle 
vibration models (variations in longitudinal force) in 
the in-wheel motor systems of the prior art; 

Fig. 50 is a diagram showing a vehicle vibration 



ar t ; 
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ic properties in the horizontal 
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model (variations in longitudinal force) in the dynamic 
damper type in-wheel motor system of the prior art; 

Fig. 51 is a diagram showing a vehicle vibration 
model (variations in longitudinal force) in the in- 
wheel motor system of the present invention; 

Fig. 52 is a diagram showing a vehicle vibration 
model (variations in longitudinal force) in the in- 
wheel motor system of the present invention; 

Fig. 53 is a diagram showing a vehicle vibration 
model (variations in longitudinal force) in the in- 
wheel motor system of the present invention; 

Fig. 54 is a diagram showing a vehicle vibration 
model (variations in longitudinal force) in the in- 
wheel motor system of the present invention; 

Fig. 55 is a graph showing the analytical results 
of the vehicle vibration models (variations in 
longitudinal force) ; 

Fig. 56 is a graph showing the analytical results 
of the vehicle vibration models (variations in 
longitudinal force) ; 

Fig. 57 is a longitudinal sectional view showing 
the constitution of an in-wheel motor system according 
to Embodiment 4 of the present invention; 

Fig. 58 is a diagram showing the constitution of 
a damping mechanism according to Embodiment 4; 

Fig. 59 is a diagram showing the constitution of 
a damping unit comprising hydraulic absorbers 
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according to the present invention; 

Fig. 60 is a diagram showing the constitution of 
the hydraulic cylinders of the hydraulic absorbers of 
the present invention; 

Fig. 61 is a longitudinal sectional view showing 
the constitution of an in-wheel motor system according 
to Embodiment 5 of the present invention; 

Fig. 62 is a diagram showing the constitution of 
a cross guide according to Embodiment 5; 

Fig. 63 is a diagram showing an example of a 
flexible coupling according to Embodiment 5; 

Fig. 64 is a diagram for explaining the operation 
of the flexible coupling; 

Fig. 65 is a longitudinal sectional view showing 
the constitution of an in-wheel motor system according 
to Embodiment 6 of the present invention; 

Fig. 66 is a diagram showing an example of a 
damping mechanism according to Embodiment 6; 

Fig, 67 is a diagram showing an example of a 
flexible coupling according to Embodiment 6; 

Fig. 68 is a diagram showing the installation of 
annular dust boots; 

Fig. 69 is a longitudinal sectional view showing 
the constitution of an in-wheel motor system according 
to Embodiment 7 of the present invention; 

Fig. 70 is a diagram showing the details of 
water-proofing means according to Embodiment 7; 
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Figs. 71(a) and 71(b) are diagrams showing the 
movement of a resin ring according to Embodiment 7; 

Fig. 72 is a diagram showing the constitution of 
an in-wheel motor of the prior art; 

Fig. 73 is a diagram showing the constitution of 
a dynamic damper type in-wheel motor of the prior art; 
and 

Fig. 74 is a diagram showing another example of 
the dynamic damper type in-wheel motor of the prior art. 

Pgtailed Description of the Preferred Embodimf:^nl- 

Preferred embodiments of the present invention 
will be described hereinunder with reference to the 
accompanying drawings . 
Embodiment 1 

Fig. 1 is a diagram showing the constitution of 
an in-wheel motor system according to Embodiment 1. In 
Fig. 1, reference numeral 1 denotes a tire, 2 a wheel 
composed of a rim 2a and a wheel disk 2b, and 3 an outer 
rotor type in-wheel motor comprising a motor stator (to 
be referred to as ^^stator" hereinafter) 3S fixed to a 
non-rotating side case 3a installed on an inner side 
in the radial direction and a motor rotor (to be referred 
to as ^^rotor" hereinafter) 3R fixed to a rotating side 
case 3b rotatably connected to the above non-rotating 
side case 3a by a bearing 3j and installed on an outer 
side in the radial direction. 
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Numeral 4 denotes a hub portion connected to the 
rotary shaft of the wheel 2, 5 a knuckle connected to 
an axle 6, 7 a suspension member composed of a shock 
absorber or the like, 8 a brake unit mounted to the above 
hub portion 4, 10 a flexible coupling comprising a 
plurality of hollow disk-like plates llA to IIC and 
direct-acting guides 12A and 12B for interconnecting 
the adjacent plates llA and IIB and the adjacent plates 
IIB and IIC and guiding the above adjacent plates llA 
and IIB and the adjacent plates llB and IIC in the radial 
direction of the disk, and 20 a damping mechanism for 
connecting the non-rotating side case 3a of the motor 
3 to the knuckle 5 which is a frame dress-up part of 
the vehicle, comprising two plates 26 and 27 whose 
moving directions are limited to the vertical direction 
of the vehicle by direct-acting guides 21 and which are 
interconnected by first spring elements 22 movable in 
the vertical direction of the vehicle and dampers 25 
with a spring element, each comprising a damper 23 and 
a second spring element 24 connected to the damper 23 
in series and arranged parallel to the first spring 
elements 22 . 

As shown in Fig. 2, the above damping mechanism 
20 is linked to the axle 6 connected to the knuckle 5, 
the first spring elements 22 which expand and contract 
in the vertical direction of the vehicle are installed 
in the four corners of the first plate (to be referred 
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to as "knuckle attachment plate" hereinafter) 26 
positioned on the suspension member 7 side, the dampers 
25 with a spring element for connecting the damper 23 
which expand and contract in the vertical direction of 
the vehicle and the second spring element 24 in series 
are installed on both sides of a connection hole 26k 
for the axle 6 formed in the center of the first plate 
26, spring receivers 22n are set at positions above or 
below the first spring elements 22 of the plate 27 (to 
be referred to as "motor attachment plate" hereinafter) 
on the motor 3 side, a damper attachment portion 23n 
is installed at a position above the dampers 25, that 
is, a position above a connection hole 27k for the axle 
6, and the above plates 26 and 27 are interconnected 
by the four direct-acting guides 21 arranged 
symmetrical to the center of the plate. 

In the in-wheel motor system of the prior art shown 
in Fig. 73, the non-rotating side case 3a for supporting 
the stator 3S is supported to the knuckle 5 or in the 
vertical direction by the damper 92 and the spring 
member 93 arranged parallel to each other. In this 
embodiment, as described above, the above non-rotating 
side case 3a is supported to the knuckle 5 in the 
vertical direction by the first spring elements 22 and 
the dampers 25 with a spring element, each comprising 
the damper 23 and the second spring element 24 connected 
to the damper 23 in series, thereby changing the timing 
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of generating damping force. Therefore, variations in 
ground-contact load at a frequency near the unsprung 
resonance frequency can be further reduced as compared 
with the above prior art and therefore, the road holding 
properties of the vehicle can be further improved. 

The above second spring element 24 is specifically 
a metal spring, one end thereof is attached to a spring 
attachment portion 24m formed almost at the center of 
the cylinder body (damper body) 23B of the damper 23, 
and the other end thereof is attached to a spring 
receiving portions 24n installed on the above knuckle 
attachment plate 26. In the above in-wheel motor 
system of the prior art, as the relatively heavy 
cylinder of the damper 52 for supporting the motor 3 
is fixed to an unsprung portion (knuckle 5), the 
unsprung mass slightly increases. In this embodiment, 
as the above cylinder body 23B is interposed between 
the above damper 23 and the above second spring element 
24 in series, the above heavy cylinder body 23B can be 
separated from the unsprung mass by the above second 
spring element 24. Therefore, the unsprung mass can 
be further reduced and the road holding properties of 
the vehicle can be further improved. 

In this Embodiment 1, the rotating side case 3b 
of the motor 3 is connected by the flexible coupling 
10 comprising 

the plurality of hollow disk-like plates llA to IIC and 
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the direct-acting guides 12A and 12B for guiding the 
adjacent plates llA and IIB and the adjacent plates IIB 
and lie in the radical direction of the disk, and the 
non-rotating side case 3a of the motor 3 is connected 
by the damping mechanism 20 for connecting the non- 
rotating side case 3a of the motor 3 to the knuckle 5 
which is a frame dress-up part of the vehicle, 
comprising two plates 26 and 27 whose moving directions 
are limited to the vertical direction of the vehicle 
by the direct-acting guides 21 and which are 
interconnected by the first spring elements 22 movable 
in the vertical direction of the vehicle and the dampers 
25 with a spring element, each comprising the damper 
23 and the second spring element 24 connected to the 
damper 23 in series and arranged parallel to the first 
spring elements 22. Therefore, the drive force of the 
motor 3 can be transmitted to the wheel 2 without fail 
and the road holding properties of the vehicle can be 
further improved by significantly reducing variations 
in the ground-contact load of the tire without 
increasing the unsprung mass. 

In the above Embodiment 1, the above second spring 
element 24 is a metal spring. It is not limited to the 
metal spring and may be an air spring or bush-like object 
(rubber bush 28 in Fig. 4) made of rubber as shown in 
Fig. 4 which is attached to a bush attachment portion 
28n to support the above cylinder body 23B. 
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The same effect can be obtained when the above 
second spring element 24 is interposed between the 
damper 23 and the non-rotating side case 3a of the motor 
3 or between the damper 23 and an unsprung portion, or 
installed on the unshown piston side attachment portion 
or cylinder side attachment portion of the damper 23. 

Alternatively, as shown in Fig. 5(a), the second 
spring element 24 may be mounted on a piston 23P in the 
damper 23. More specifically, a free piston 23K is 
installed in a hydraulic cylinder 23V, the piston 23P 
connected to a damper rod 23L is stored in this free 
piston 23K, the second spring element 24 are arranged 
before and after the piston 23P in the axial direction 
to support the damper rod 23L in such a manner that it 
can slide in the axial direction, whereby the above 
second spring element 24 is connected to the above 
damper 23 in series. In Fig. 5(a), 23a and 23b denote 
the first and second chambers of the hydraulic cylinder 
23V interconnected by an orifice 23c and an oil line 
23d. 

The same effect is obtained even when the second 
spring element 24 are provided as working oil passage 
air springs in the damper 23. More specifically, as 
shown in Fig. 5(b), chambers 24M and 24M in which a 
compressed air chamber 24q and a working oil chamber 
24r are separated by a piston 24p are formed in the oil 
line 23d which is the working oil passage of the damper 
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23 to provide a spring effect, thereby making it 
possible to delay the timing of generating the damping 
force of the damper 25 with a spring element as a shock 
absorber from the timing of generating damping force 
in the case of the above damper 23 alone. The number 
of the above chambers 24M is suitably determined by the 
chara.cteristic properties of the above damper 23 and 
the size of the motor 3 and may be 1 or 3 or more. 

In the above embodiment, the reduction of vertical 
vibration of the vehicle has been explained. The motor 
3 can be supported by springs and dampers with a spring 
element in the horizontal direction in addition to the 
vertical direction. More specifically, as shown in Fig. 
6, an intermediate plate 26' which is almost the same 
in constitution as the knuckle attachment plate 26 of 
the above Embodiment 1 and has a larger hole 26' k than 
the diameter of the axle 6 in place of the connection 
hole 26k for the axle 6 is prepared, a plate 36 
comprising third spring elements 32 which move in the 
horizontal direction of the vehicle and dampers 35 with 
a spring element, each comprising a damper 33 and fourth 
spring elements 34 and 34 connected to the. damper 33 
in series and arranged parallel to the above third 
spring elements 32, is installed on the motor 
attachment plate 27 side of the intermediate plate 26' , 
the plate 36 and the above intermediate plate 26' are 
interconnected by four direct-acting guides 31 for 
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guiding in the horizontal direction, arranged 
symmetric to the center of the plate, and the plate 36 
is mounted to the axle 6 connected to the knu.ckle 5. 
The above intermediate plate 26' is provided with 
damper attachment portions 33n for attaching the above 
dampers 33 . 

In general, when the unsprung portion is heavy, 
the horizontal vibration of the unsprung portion 
becomes large. Therefore, when a dynamic damper effect 
is provided in the horizontal direction in addition to 
the vertical direction of the vehicle as described, the 
vibration of the unsprung portion can be significantly 
reduced . 

Embodi ment 1 -1 

The table of Fig. 7 shows parameters indicative 
of the characteristic properties in the vertical 
direction of the vehicle for analyzing variations in 
ground-contact load which occur in the tire when the 
vehicle runs on a bad road. Figs. 8(a), 8(b) and 9 to 
11 show vibration models thereof, and Fig. 12 is a graph 
showing analytical results obtained from the vibration 
models . 

Comparative Example 1 is an electric car which 
does not employ an ordinary in-wheel motor system and 
is represented by the vibration model of Fig. 8 (a) . In 
Fig. 8 (a) , as the motor is mounted on the car body side. 
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the mass of the motor corresponds to the sprung mass 
mg - 

Comparative Example 2 is an in-wheel motor car 
comprising an unsprung motor of the prior art which is 
represented by the vibration model of Fig. 8(b) . This 
corresponds to Fig. 72. 

Comparative Example 3 is a dynamic damper type 
in-wheel motor car in which a motor serves as a dynamic 
damper and which is represented by the vibration model 
of Fig. 9. Comparative Example 4 is obtained by 
increasing the spring constant of a spring supporting 
the motor in the vertical direction of Comparative 
Example 3. Comparative Examples 3 and 4 correspond to 
Fig. 73 and Fig. 74, respectively. 

Example 1 is an in-wheel motor car comprising a 
damper with a spring element according to the present 
invention which is represented by the vibration model 
(basic model) of Fig. 10. 

Example 2 is an in-wheel motor car comprising a 
damper with a spring element according to the present 
invention which is represented by the vibration model 
of Fig. 11 and differs from the basic model of Fig. 10 
in that the cylinder body m4 of the damper is made 
separate. This Example 2 corresponds to Fig. 1 and Fig. 
2 . 

Example 3 is obtained by reducing the spring 
constant of the spring for supporting the motor in 
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the vertical direction of the above Example 2 and 
increasing the damping force C3 of the damper. 

When the motor is mounted to an unsprung mass 
corresponding portion such as a wheel or knuckle as in 
Comparative Example 2, the unsprung mass increases. 
Therefore, as shown in Fig. 12, variations in the 
ground-contact load of the tire increase and the road 
holding properties deteriorate as compared with 
Comparative Example 1 in which the unsprung mass is 
small . 

Since the mass of the motor is removed from the 
unsprung mass when the motor is mounted as a dynamic 
damper as in Comparative Example 3, the unsprung mass 
can be reduced to a value equal to that of the above 
Comparative Example 1 and unsprung vibration is 
suppressed by the function of the dynamic damper. 
Consequently, as shown in Fig. 12, variations in the 
ground-contact load of the tire can be greatly reduced 
as compared with the electric car which does not employ 
an ordinary in-wheel motor system shown in the above 
Comparative Example 1. When the spring constant ka of 
the spring for supporting the motor in the vertical 
direction is made large as in Comparative Example 4, 
as shown in Fig. 12, variations in the ground-contact 
load of the tire at a relatively low frequency become 
slightly large but variations in the ground-contact 
load of the tire at a frequency band near the unsprung 
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resonance frequency can be greatly reduced, thereby 
making it possible to further improve the road holding 
properties . 

In the in-wheel motor car (Example 1) comprising 
a damper with a spring element according to the present 
invention, since a spring element is interposed 
between the damper connected to the motor of 
Comparative Example 3' or 4 and an unsprung part or 
between the damper and the motor, variations in the 
ground-contact load of the tire at a frequency around 
7 Hz which is the resonance frequency of the dynamic 
damper are slightly large as shown in Fig. 12 but 
variations in the ground-contact load of the tire at 
a frequency from 7 Hz to J6 Hz which is the unsprung 
resonance frequency can be made small. 

Since the cylinder body m^ of the damper is mounted 
under the spring in the above Example 1, the unsprung 
weight slightly increases. When the cylinder body m^ 
is raised by the spring element k^ corresponding to the 
second spring element, the unsprung weight can be 
reduced as in Example 2 and therefore, variations in 
the ground-contact load of the tire at a frequency near 
the unsprung resonance frequency can be further reduced 
as shown in Fig. 12. 

Further, when the spring constant k3 of the spring 
supporting the motor in the vertical direction 
corresponding to the first spring element is made 
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smaller and the damping force C3 of the damper is made 
larger than those of the above Example 2 as in Example 
3, variations in the ground-contact load of the tire 
at a frequency from 7 Hz to the unsprung resonance 
frequency can be greatly reduced as compared with 
Comparative Example 1. 

Examples 1-7 

The table of Fig. 13 shows parameters indicative 
of the characteristic properties in the horizontal 
direction of the vehicle for analyzing variations in 
longitudinal force which occur in the tire when the 
vehicle runs on a bad road. Figs. 14(a) and 14(b) and 
Figs. 15 to 17 show vibration models thereof, and Fig. 
18 is a graph showing analytical results obtained from 
the above vibration models. 

Comparative Example 1 is an electric car which 
does not employ an ordinary in-wheel motor system and 
is represented by the vibration model of Fig. 14(a). 
In Fig, 14(a), as the motor is mounted on the car body 
side, the mass of the motor corresponds to the sprung 
ma s s m2 • 

Comparative Example 2 is an in-wheel motor car 
comprising an unsprung motor of the prior art which is 
represented by the vibration model of Fig. 14 (b) . This 
corresponds to Fig. 47. 

Comparative Example 3 is a dynamic damper type 
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in-wheel motor car in which a motor serves as a dynamic 
damper and which is represented by the vibration model 
of Fig. 15. Comparative Example 4 is obtained by 
increasing the spring constant k3 of the spring 
supporting the motor in the horizontal direction of 
Comparative Example 3. 

Example 1 is an in-wheel motor car comprising a 
damper with a spring element according to the present 
invention which is represented by the vibration model 
(basic model) of Fig. 16. 

Example 2 is an in-wheel motor car comprising a 
damper with a spring element according to the present 
invention which is represented by the vibration model 
of Fig. 17 and differs from the above basic model in' 
that the cylinder body m4 of the damper is made separate. 
This Example 2 corresponds to Fig. 6. 

Example 3 is obtained by reducing the spring 
constant k3 of the spring for supporting the motor in 
the horizontal direction of the above Example 2 and 
increasing the damping force C3 of the damper. 

When the motor is mounted to an unsprung mass 
corresponding portion such as a wheel or knuckle as in 
Comparative Example 2, the unsprung mass increases. 
Therefore, as shown in Fig. 18, variations in the 
longitudinal force of the tire increase and the 
gripping properties in the horizontal direction 
deteriorate as compared with Comparative Example 1 in 
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which the unsprung mass is small. 

Since the mass of the motor is removed from the 
unsprung mass when the motor is mounted as a dynamic 
damper as in Comparative Example 3, the unsprung mass 
can be reduced to a value equal to that of the above 
Comparative Example 1 and unsprung vibration is 
suppressed by the function of the dynamic damper. 
Consequently, as shown in Fig. 18, variations in the 
longitudinal force of the tire can be greatly reduced 
as compared with the electric car which does not employ 
an ordinary in-wheel motor system shown in the above 
Comparative Example 1. When the spring constant k3 of 
the spring for supporting the motor in the horizontal 
direction is made large as in Comparative Example 4, 
as shown in Fig. 18, variations in the longitudinal 
force of the tire at a relatively low frequency become 
slightly large but variations in the longitudinal force 
of the tire at a frequency band near the unsprung 
resonance frequency can be greatly reduced, thereby 
making it possible to further improve the gripping 
properties in the horizontal direction. 

In the in-wheel motor car (Example 1) comprising 
a damper with a spring element according to the present 
invention, since the spring element k4 is interposed 
between the damper connected to the motor of 
Comparative Example 3 or 4 and an unsprung part or 
between the damper and the motor, variations in the 
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longitudinal force of the tire at a frequency around 
10 Hz which is the resonance frequency of the dynamic 
damper are slightly large as shown in Fig. 18 but 
variations in the longitudinal force of the tire at a 
frequency from 10 Hz to 20 - 25 Hz which is the unsprung 
resonance frequency can be made small. 

Since the cylinder body m^ of the damper is mounted 
under the spring in the above Example 1, the unsprung 
weight slightly increases. When the cylinder body m^ 
is raised by the spring element corresponding to the 
second spring element, the unsprung weight can be 
reduced as in Example 2 and therefore, variations in 
the longitudinal force of the tire at a frequency near 
the unsprung resonance frequency can be further reduced 
as shown in Fig. 18. 

Further, when the spring constant k3 of the spring 
supporting the motor in the horizontal direction 
corresponding to the second spring element is made 
smaller and the damping force C3 of the damper is made 
larger than those of the above Example 2 as in Example 
3, variations in the longitudinal force of the tire at 
a frequency from 10 Hz to the unsprung resonance 
frequency can be greatly reduced as compared with 
Comparative Example 1. 

Embodi ment 7 

In the above Embodiment 1, the non-rotating side 
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case 3a of the in-wheel motor 3 is supported to the 
knuckle 5 in the vertical direction by dampers 25 with 
a spring element, each comprising a damper 23 and a 
second spring element 24 connected to this damper 23 
in series, in place of the damper 92 of the in-wheel 
motor system of the prior art shown in Fig. 73 to change 
the timing of • generating damping force. As shown in 
Fig. 19 and Fig. 20, when the non-rotating side case 
3a of the in-wheel motor 3 is linked to the knuckle 5 
by a damping mechanism 20Z for supporting the non- 
rotating side case 3a of the in-wheel motor 3 to the 
knuckle 5 with first spring elements 22 and a first 
damper 23Z in the vertical direction and further 
supporting the non-rotating side case 3a of the in- 
wheel motor 3 to the knuckle 5 in the vertical direction 
with the above damper 25 with a spring element in the 
vertical direction, it is possible to further reduce 
variations in the ground-contact load at a frequency 
near the unsprung resonance frequency and to further 
improve the road holding properties of the vehicle. In 
Fig. 21, 24z denotes a damper attachment portion for 
attaching the above damper 23Z. 

In the in-wheel motor system of the prior art shown 
in Fig. 73, the motor 3 is supported to the unsprung 
portion of the vehicle by the spring member 93 and the 
damper 92 arranged parallel to each other. In the 
damping mechanism 20Z of this Embodiment 2, the damper 
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25 with a spring element which comprises the damper 23 
and the second spring element 24 connected to the damper 
23 in series as the second damper element and is arranged 
parallel to the first spring elements 22 and the damper 
23Z is added to the first spring elements 22 
corresponding to the above spring member 93 and the 
damper 23Z which is the first damper element 
corresponding to the above damper 52. 

When the motor 3 vibrates in the wheel 2 by the 
input of vibration from the road when the vehicle runs 
on a bad road, the operation speed of the above damping 
mechanism 20Z for connecting the motor 3 to the knuckle 
5 becomes faster as its vibration frequency becomes 
higher. That is, only the damper 23Z which is the 
second damper element functions as a damper at any 
frequency. The damper 25 with a spring element 
functions as a damper at a low frequency band at which 
its operation speed is slow and rather functions as a 
spring because the damping force of the damper 23 which 
is the second damper element grows at a high frequency 
band at which its operation speed is fast to move the 
second spring element 24. In contrast to this, when 
the first spring elements 22 and the above damper 23Z 
are arranged parallel to the damper 25 having a spring 
element as in this Embodiment 2, vibration having a 
frequency near the unsprung resonance frequency which 
is a relatively high frequency can be suppressed more 
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effect i vely . 

In the above embodiment, the vertical vibration 
of the vehicle is reduced- The motor 3 can be supported 
by the springs, damper and damper with a spring element 
in the horizontal direction in addition to the vertical 
direction. More specifically, as shown in Fig. 21, one 
of the dampers 25 with a spring element mounted to the 
intermediate plate- 26' is the damper 23Z which is the 
first damper element and one of dampers 35 with a spring 
element mounted to the plate- 36 is a damper 33Z which 
is the same as the damper 23Z in constitution to provide 
a dynamic damper effect in the horizontal direction in 
addition to the vertical direction of the vehicle. 
Therefore, variations in the ground-contact load of the 
tire can be further reduced and variations in the 
longitudinal force of the tire can be further 
suppressed. 

In the above Embodiments 1 and 2, a hollow outer 
rotor type in-wheel motor 3 is used as the motor to be 
mounted to an unsprung portion of the vehicle by the 
damping mechanism 20 or the damping mechanism 20Z. The 
present invention is not limited to this and can be 
applied to a hollow inner rotor type in-wheel motor and 
a geared motor which is a combination of a hollow inner 
rotor type in-wheel motor and a speed reducing gear. 
In the case of the above geared motor, the non-rotating 
side case or the motor case to which the above non- 
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rotating side case is mounted is connected to the 
knuckle which is a frame dress-up part of the vehicle 
by the above damping mechanism 20 or 20Z. 

Example 2-1 

The table of Fig. 22 shows parameters indicative 
of the characteristic properties in the vertical 
direction of the vehicle for analyzing variations in 
the ground-contact load which occur in the tire when 
the vehicle runs on a bad road. Figs. 23(a) and 23(b) 
and Figs. 24 to 26 show vibration models thereof, and 
Fig. 27 is a graph showing analytical results obtained 
from the above vibration models. 

Comparative Example 1 is an electric car which 
does not employ an ordinary in-wheel motor system and 
is represented by the vibration model of Fig. 23(a). 
In Fig. 23(a), as the motor is mounted on the car body 
side, the mass of the motor corresponds to the sprung 
ma s s m2 - 

Comparative Example 2 is an in-wheel motor car 
comprising an unsprung motor of the prior art which is 
represented by the vibration model of Fig. 23 (b) . This 
corresponds to Fig. 72. 

Comparative Example 3 is a dynamic damper type 
in-wheel motor car in which a motor serves as a dynamic 
damper and which is represented by the vibration model 
of Fig. 24. Comparative Example 3 corresponds to Fig. 
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73 and Fig . 74 . 

Example 1 is an in-wheel motor car in which a motor 
serves as a dynamic damper by means of a damping unit 
comprising springs, damper and damper with a spring 
element arranged parallel to one another according to 
the present invention and which is represented by the 
vibration model of Fig. 25, 

Example 2 is an in-wheel motor car comprising a 
damper with a spring element according to the present 
invention which is represented by the vibration model 
of Fig. 26 and differs from the vibration model of Fig. 
25 in that the cylinder body m^ of the damper is made 
s epa r a t e . 

When the motor is mounted to an unsprung mass 
corresponding portion such as a wheel or knuckle as in 
Comparative Example 2, the unsprung mass increases. 
Therefore, as shown in Fig. 27, variations in the 
ground-contact load of the'tire increase and the road 
holding properties deteriorate as compared with 
Comparative Example 1 in which the unsprung mass is 
sma 1 1 . 

Since the mass of the motor is removed from the 
unsprung mass when the motor is mounted as a dynamic 
damper as in Comparative Example 3, the unsprung mass 
can be reduced to a value equal to that of the above 
Comparative Example 1 and unsprung vibration is 
suppressed by the function of the dynamic damper. 
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Consequently, as shown in Fig. 27, variations in the 
ground-contact load of the tire can be greatly reduced 
as compared with the electric car which does not employ 
an ordinary in-wheel motor system shown in the above 
Comparative Example 1. In the in-wheel motor car 
(Example 1) comprising springs, damper and damper with 
a spring element according to the present invention, 
since the damper with a spring element comprising a 
damper element and a spring element connected to 
the damper element c, in series is arranged parallel 
to the damper element Cj and the spring element kj of 
the above Comparative Example 3, variations in the 
ground-contact load of the tire at a frequency around 
7Hz which is the resonance frequency of the dynamic 
damper are slightly large as shown in Fig, 27 but 
variations in the ground-contact load of the tire at 
a frequency from 7 Hz to 16 Hz which is the unsprung 
resonance frequency can be made smaller than that of 
the above Comparative Example 3. 

Since the cylinder body m^ of the damper is mounted 
under the spring in the above Example 1, the unsprung 
weight slightly increases. When the cylinder body m^ 
is raised by the spring element corresponding to the 
second spring element, the unsprung weight can be 
reduced as in Example 2 and therefore, variations in 
the ground-contact load of the tire at a frequency near 
the unsprung resonance frequency can be further reduced 
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to a value smaller than that of the above Example 1 as 
shown in Fig. 27. 

Since the suspension of an ordinary vehicle 
vibrates under the spring in the horizontal direction 
as represented by the vibration model of Fig. 28(a), 
when the vehicle runs on a bad road, the longitudinal 
force of the tire fluctuates. In the in-wheel motor 
car of the prior art, as represented by the vibration 
model of Fig. 28(b), since the motor is mounted to an 
unsprung portion, the unsprung mass increments, 
variations in the longitudinal force of the tire 
increase when the vehicle runs on a bad road grow, and 
the generation force (driving force) of the tire 
diminishes . 

As for this problem, as shown by the vibration 
model of Fig. 29, when the motor serves as a dynamic 
damper in the horizontal direction, the unsprung 
vibration is reduced to suppress variations in the 
longitudinal force of the tire. By applying the 
structure for the vertical direction of the Embodiment 
2 as shown in Fig. 21 to the horizontal direction, the 
vibration model shown in Fig. 30 is obtained, thereby 
making it possible to further suppress variations in 
the longitudinal force of the tire like the above 
Embodiment 1-2. As shown in Fig. 31, by raising the 
cylinder body m, of the damper by the spring element 
k4 corresponding to the second spring element. 
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variations in the longitudinal force of the tire at a 
frequency near the unsprung resonance frequency can be 
further reduced. 

Embodimg^nt ,^ 

In the above Embodiments 1 and 2, the non-rotating 
side case 3a of the in-wheel motor 3 is supported to 
the knuckle 5 in the vertical direction by the damper 
25 with a spring element which comprises the damper 23 
and the second spring element 24 connected to the damper 
23 in series. Even when the non-rotating side case 3a 
of the in-wheel motor 3 is connected to the knuckle 5 
by a damping mechanism 20X for supporting the non- 
rotating side case 3a of the in-wheel motor 3 to the 
knuckle 5 in the vertical direction by means of a 
composite connection damper 25S whose spring element 
23s and damper element 24s connected in parallel are 
connected to a spring element 25s in series and a damper 
element 23Z arranged parallel to this composite 
connection damper 25S as shown in Fig. 32, variations 
in the ground-contact load at a frequency near the 
unsprung resonance frequency can be reduced. 

Fig. 33 shows an example of the above composite 
connection damper 25S. The cylinder body 24b of the 
above damper element 24s is mounted to the other end 
of the spring element 23s which is a metal spring 
connected to the motor 3 or the knuckle 5 in order to 
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arrange the above spring element 23s and the above 
damper element 24s in parallel, and the spring element 
25s which is a metal spring is interposed between this 
cylinder body 24b and the knuckle 5 to connect the above 
spring element 25s to the above spring element 23s and 
the above damper element 24s in series. In Fig. 33, 
25m denotes an attachment portion for attaching the 
above spring element 25s to the knuckle side plate 26, 
and 25z denotes an attachment portion for attaching the 
above spring element 25s to the cylinder body 24b. 

Since the relatively heavy cylinder portion of the 
damper element 24s for supporting the motor 3 can be 
interposed between the spring element 23s and the 
spring element 25s due to the above constitution, it 
is possible to reduce the unsprung mass and improve the 
road holding properties of the vehicle. 

In the damping mechanism 20X of this embodiment, 
when the motor 3 vibrates in the wheel 2 by the input 
of vibration from the road when the vehicle runs on a 
bad road, the operation speed of the composite 
connection damper 25S for connecting the motor 3 and 
the knuckle 5 increases as its vibration frequency 
becomes higher. That is, while the first spring 
element 22 functions as a damper having a fixed spring 
constant at any frequency in the in-wheel motor system 
of the prior art shown in Fig. 73, as the spring element 
25s is connected in series to the spring element 23s 
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and the damper element 24s connected to the spring 
element 23s in parallel in the above composite 
connection damper 25S, the damping force of the damper 
element 24s is low at a low frequency band at which the 
operation speed is slow and the above composite 
connection damper 25S functions as a weak spring in 
which the spring element 23s and the spring element 25s 
are connected in series. The damping force of the above 
damper element 24s increases at a high frequency band 
at which the operation speed is fast to fix the above 
spring element 23s connected to the above damper 
element 24s in parallel, whereby the composite 
connection damper 25S functions as a hard spring 
consisting of only the spring element 25s. By 
arranging the above composite connection damper 25S 
parallel to the damper element 23Z, vibration having 
a frequency near the relatively high unsprung resonance 
frequency can be more effectively suppressed. 
Therefore, variations in the ground- con t a ct load of the 
tire at a frequency near the unsprung resonance 
frequency can be reduced and the road holding 
properties of the vehicle can be further improved. 

Since most of the damping force is generated by 
the damper element 24s of the composite connection 
damper 25S due to the above constitution, the damping 
force of the damper element 2 3Z may be small . Therefore, 
as shown in Fig. 34, it is possible to eliminate the 
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above damper element 23Z and use only the composite 
connection damper 25S. 

In the above embodiment, the vertical vibration 
of the vehicle is reduced- As shown in Fig. 35, an 
intermediate plate 26' is prepared, a plate 36 having 
the above connection damper 25S and the damper element 
23Z arranged parallel to each other is mounted to the 
motor attachment plate 27 side of the intermediate 
plate 26' , this plate 36 and the intermediate plate 26' 
are assembled together by four direct-acting guides 31 
for guiding in the horizontal direction, arranged 
symmetrical to the center of the plate, and this plate 
36 is fitted onto the axle 6 connected to the knuckle 
5 to provide a dynamic damper effect in the horizontal 
direction in addition to the vertical direction of the 
vehicle. Therefore, variations in the ground-contact 
load of the tire can be further reduced, and variations 
in the longitudinal force of the tire can be further 
suppressed . 

In the above Embodiment 3, the above spring 
element 25s is a metal spring. It is not limited to 
this and may be an air spring or bush-like object made 
of rubber (rubber bush 25g in the figure) as shown in 
Fig. 36 which is attached to the intermediate plate 26' 
by a bush attachment portion 28t to support the above 
cylinder body 24b. 

In the above embodiment, the in-wheel motor 3 is 



\ 

41 

supported to the knuckle 5 in the vertical direction 
by the composite connection damper 25S and the damper 
element 23Z arranged parallel to the composite 
connection damper 25S. As shown in Fig. 37, even when 
a second composite connection damper 25T in which a 
spring element 23t and a damper element 24t connected 
in parallel are connected to a damper element 25t in 
series is prepared and the non-rotating side case 3a 
of the motor 3 is connected to the knuckle 5 by a damping 
mechanism 20Y comprising the above composite 
connection damper 25S and the above second composite 
connection damper 25T arranged parallel to the 
composite connection damper 25S, variations in 
ground-contact load at a frequency near the unsprung 
resonance frequency can be reduced. Fig. 38 shows an 
example of the second composite connection damper 25T. 
In this second composite connection damper 25T, a 
rubber bush 25G is attached to the cylinder body 25b 
of the damper element 25t and mounted to the 
intermediate plate 26' . Since the rubber bush 25G 
composed of a rubber elastic body is a spring/damper 
element, a member for connecting the spring element 23t 
and the damper element 24t in parallel can be 
constructed. Since the cylinder portion of the damper 
element 25t can be interposed between the spring 
element 23t and the damper element 25t due to the above 
constitution, the unsprung mass can be reduced and the 
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road holding properties of the vehicle can be improved. 

At a low frequency band, damping force is low as 
the operation speed of the above damper element 25t is 
slow and the above second composite connection damper 
25T serves as a damper. At a high frequency band, the 
damping force of the above damper element 24s is high, 
and the above spring element 23t moves, whereby the 
above second composite connection damper 25T serves as 
a spring as the timing of generating damping is delayed. 
That is, the above second composite connection damper 
25T can change a whole spring constant by frequency like 
the above composite connection damper 25S, Therefore, 
as shown in Fig. 36, when the in-wheel motor 3 is 
supported by using the above second composite 
connection damper 25T and the above composite 
connection damper 25S, variations in the ground- 
contact load of the tire at a frequency near the unsprung 
resonance frequency can be further reduced. 

The damping mechanisms 20X and 20Y of this 
Embodiment can be applied not only to the hollow outer 
rotor type in-wheel motor 3 but also to a geared motor 
which is a combination of a hollow inner rotor type motor 
and a speed reducing gear. 

Exampi e 3-1 

The table of Fig. 39 shows parameters indicative 
of the characteristic properties in the vertical 
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direction of the vehicle for analyzing variations in 
the ground-contact load which occur in the tire when 
the vehicle runs on a bad road^ Figs. 40(a) and 40(b) 
and Figs. 41 to 45 show vibration models thereof, and 
Fig. 46 and Fig. 47 are graphs showing analytical 
results obtained from the above vibration models. 

In the above table, m^ is the unsprung mass of a 
wheel or the like, mj is the sprung mass of a body or 
the like, m3 is the mass of a motor as a dynamic damper, 
m^ is the mass of a cylinder as a dynamic damper (second 
composite connection damper) , is the mass of a 

cylinder as a dynamic damper (composite connection 
damper) , k^ is the constant of the longitudinal spring 
of the tire, kg is the constant of a spring in the 
vertical direction of the suspension, is the constant 
of a motor supporting spring, k^ is the constant of a 
damper supporting spring, is the constant of a spring 
constituting a damper + spring parallel unit connected 
to the motor supporting spring in series, c^ is the 
coefficient of damping in the vertical direction of the 
tire, kg is the coefficient of damping in the vertical 
direction of the suspension, ks is the coefficient of 
damping in the vertical direction of the motor 
supporting damper, k^ is the coefficient of damping in 
the vertical support direction of the damper connected 
to the motor supporting damper in series, and k^ is the 
coefficient of damping in the vertical support 
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direction of the damper constituting the damper + 
spring parallel unit connected to the motor supporting 
spring in series. 

Comparative Example 1 is an electric car which 
does not employ an ordinary in-wheel motor system and 
is represented by the vibration model of Fig. 40(a). 
In Fig. 40(a), as the motor is mounted on the car body 
side, the mass of the motor corresponds to the sprung 
ma s s m2 . 

Comparative Example 2 is an in-wheel motor car 
comprising an unsprung motor of the prior art which is 
represented by the vibration model of Fig. 40 (b) . This 
corresponds to Fig. 72. 

Comparative , Example 3 is a dynamic damper type 
in-wheel motor car of the prior art in which a motor 
serves as a dynamic damper and which is represented by 
the vibration model of Fig. 41. Comparative Example 
3 corresponds to Fig. 73. 

Example 1 is an in-wheel motor car in which a motor 
serves as a dynamic damper by means of a damping unit 
comprising a spring element and a composite connection 
damper arranged parallel to each other according to the 
present invention and which is represented by the 
vibration model of Fig. 42. 

Example 2 is an in-wheel motor car in which a motor 
serves as a dynamic damper by means of a damping unit 
comprising two composite connection dampers arranged 
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parallel to each other according to the present 
invention and which is represented by the vibration 
model of Fig . 4 3. 

Example 3 is an in-wheel motor car in which a motor 
serves as a dynamic damper by means of a damping unit 
comprising a composite connection damper and a second 
composite connection damper arranged parallel to each 
other according to the present invention and which is 
•represented by the vibration model of Fig. 44. 

Example 4 is an in-wheel motor car in which a motor 
serves as a dynamic damper by means of a damping unit 
comprising a composite connection damper and a second 
composite connection damper arranged parallel to each 
other according to the present invention and which is 
represented by the vibration model of Fig. 45. 

When the motor is mounted to an unsprung mass 
corresponding portion such as a wheel or knuckle as in 
Comparative Example 2, the unsprung mass increases, 
whereby variations in the ground-contact load of the 
tire increase and the road holding properties 
deteriorate as compared with Comparative Example 1 in 
which the unsprung mass is small as shown in Fig. 46. 

Since the mass of the motor is removed from the 
unsprung mass when the motor is mounted as a dynamic 
damper as in Comparative Example 3, the unsprung mass 
can be reduced to a value equal to that of the above 
Comparative Example 1 and unsprung vibration is 
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suppressed by the function of the dynamic damper. 
Consequently, as shown in Fig. 46, variations in the 
ground-contact load of the tire can be greatly reduced 
as compared with the electric car which does not employ 
an ordinary in-wheel motor system shown in the above 
Comparative Example 1. When the vibration model 
shown in Fig, 42 is constructed as in Example 1, 
variations in the ground-contact load of the tire at 
a frequency around 7Hz which is the resonance frequency 
of the dynamic damper are. slightly large as shown in 
Fig. 46 but variations in the ground-contact load of 
the tire at a frequency from 7 Hz to 16 Hz which is the 
unsprung resonance frequency can be made smaller than 
that of the above Comparative Example 3. 

When the vibration model shown in Fig. 43 is 
constructed as in the above Example 2, variations in 
the ground-contact load of the tire at a frequency near 
the unsprung resonance can be further reduced as 
compared with the above Example 1 as shown in Fig. 46. 

When the vibration model shown in Fig. 44 is 
constructed as in the above Example 3, variations in 
the ground-contact load of the tire at a frequency near 
the unsprung resonance frequency can be further reduced 
as shown in Fig. 47. 

Since the vibration model shown in Fig. 45 is 
constructed as in Example 4 and the mass of the cylinder 
is raised from below the spring and the motor side. 
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variations in the ground-contact load at a frequency 
near the unsprung resonance frequency are much smaller 
than those of the above Example 3 as shown in Fig, 47, 

Example 3-2 

The table of Fig. 48 shows parameters indicative 
of the characteristic properties in the horizontal 
direction of the vehicle for analyzing variations in 
longitudinal force which occur in the tire when the 
vehicle runs on a bad road. Figs. 49(a) and 49(b) and 
Figs. 50 to 54 show vibration models thereof, and Fig. 
55 and Fig. 56 are graphs showing analytical results 
obtained from the above vibration models. 

In the above table, m^ is the unsprung mass of a 
wheel or the like, mg is the sprung mass of a body or 
the like, m3 is the mass of a motor as a dynamic damper, 
m^ is the mass of a cylinder as a dynamic damper (second 
composite connection damper) , m^ is the mass of a 
cylinder as a dynamic damper (composite connection 
damper), ki is the constant of the longitudinal spring 
of the tire, ks is the constant of a spring in the 
horizontal direction of the suspension, kj is the 
constant of a motor supporting spring, k^ is the 
constant of a damper supporting spring, k^ is the 
constant of a spring constituting a damper + spring 
parallel unit connected to the motor supporting spring 
in series, c^ is the coefficient of damping in the 
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horizontal direction of the tire, k2 is the coefficient 
of damping in the horizontal direction of the 
suspension, is the coefficient of damping in the 

horizontal direction of the motor supporting damper, 
k4 is the coefficient of damping in the horizontal 
support direction of the damper connected to the motor 
supporting damper in series, and is the coefficient 
of damping in the vertical support direction of the 
damper constituting the damper + spring parallel unit 
connected to the motor supporting spring in series. 

Comparative Example 1 is an electric car which 
does not employ an ordinary in-wheel motor system and 
is represented by the vibration model of Fig. 49(a). 

Comparative Example 2 is an in-wheel motor car 
comprising an unsprung motor of the prior art which is 
represented by the vibration model of Fig. 49(b). 

Comparative Example 3 is a dynamic damper type 
in-wheel motor car of the prior art which is represented 
by the vibration model of Fig. 50. 

Example 1 is a dynamic damper type in-wheel motor 
car according to the present invention which is 
represented by the vibration model of Fig. 51. This 
corresponds to Fig. 35. 

Example 2 is a dynamic damper type in-wheel motor 
car according to the present invention which is 
represented by the vibration model of Fig. 52. 

Example 3 is a dynamic damper type in-wheel motor 
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car according to the present invention which is 
represented by the vibration model of Fig. 53. 

Example 4 is a dynamic damper type in-wheel motor 
car according to the present invention which is 
represented by the vibration model of Fig. 54. This 
corresponds to Fig. 37. 

When the motor is mounted to an unsprung mass 
corresponding portion such as a wheel or knuckle as in 
Comparative Example 2, variations in the longitudinal 
force of the tire increase and the road holding 
properties deteriorate as compared with Comparative 
Example 1 in which the unsprung mass is small as shown 
in Fig . 5 5. 

Since the mass of the motor is removed from the 
unsprung mass when the motor is mounted as a dynamic 
damper as in Comparative Example 3, the unsprung mass 
can be reduced to a value equal to that of the above 
Comparative Example 1 and unsprung vibration is 
suppressed by the function of the dynamic damper. 
Consequently, as shown in Fig. 55, variations in the 
longitudinal force of the tire can be greatly reduced 
as compared with the electric car which does not employ 
an ordinary in-wheel motor system shown in the above 
Comparative Example 1. 

However, when the vibration model shown in Fig. 
51 is constructed as in Example 1, variations in the 
longitudinal force at a frequency around 10 Hz which 
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is the resonance frequency of the dynamic damper are 
slightly large as shown in Fig. 55 but variations in 
the longitudinal force at a frequency from 10 Hz to 22 
Hz which is the unsprung resonance frequency can be made 
smaller than that of the above Comparative Example 3. 

When the vibration model shown in Fig. 52 is 
constructed as in the above Example 2, variations in 
the longitudinal force at a frequency near the unsprung 
resonance frequency can be further reduced as compared 
with the above Example 1 as shown in Fig. 55. 

When the vibration model shown in Fig. 53 is 
constructed as in the above Example 3, variations in 
the longitudinal force at a frequency near the unsprung 
resonance frequency can be further reduced as shown in 
Fig. 56. 

Since the vibration model shown in Fig. 55 is 
constructed as in Example 4 and the mass of the cylinder 
is raised from below the spring and the motor side, 
variations in the longitudinal force at a frequency 
near the unsprung resonance frequency are much smaller 
than those of the above Example 3 as show in Fig. 56. 

Embodi ment 4 

Fig. 57 shows the constitution of an in-wheel 
motor system according to Embodiment 4. In Fig. 57, 
reference numeral 1 denotes a tire, 2 a wheel composed 
of a rim 2a and a wheel disk 2b, and 3 an outer rotor 
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type in-wheel motor comprising a motor stator (to be 
referred to" as '"stator" hereinafter) 3S fixed to a 
non-rotating side case 3a installed on an inner side 
in the radial direction and a motor rotor (to be referred 
to as ^^rotor" hereinafter) 3R fixed to a rotating side 
case 3b rotatably connected to the above non-rotating 
side case 3a by a bearing 3j and installed on an outer 
side in the radial direction. 

Numeral 4 denotes a hub portion connected to the 
rotary shaft of the wheel 2, 5 a knuckle as a frame 
dress-up part of the wheel, connected to an axle 6, 1 
a suspension member composed of a shock absorber or the 
like, 8 a brake unit composed of a brake disk mounted 
to the above hub portion 4, 10 a flexible coupling for 
connecting the rotating side case 3b for supporting the 
rotor 3R of the above motor 3 and the wheel 2, and 20A 
a damping unit for elastically supporting the non- 
rotating side case 3a for supporting the stator 3S of 
the in-wheel motor 3 to the knuckle 5 in the vertical 
direction of the vehicle. 

As shown in Fig. 58, the above damping unit 20A 
uses a first shock absorber 41 which comprises a spring 
41S and has a movable end 41a connected to a motor 
attachment plate 27 and a fixed end 41b connected to 
a knuckle attachment plate 26 which is the unsprung side 
of the vehicle and a second shock absorber 42 which 
comprises a spring 42S and has a movable end 42a 
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connected to the knuckle attachment plate 26 and a fixed 
end 42b connected to the motor attachment plate 27 like 
the first shock absorber 41 to elastically support the 
in-wheel motor 3 below the spring, thereby making it 
possible to simplify and reduce the weight of the 
damping unit . 

In Fig. 58, 41m is a damper attachment portion 
for accepting the movable end 41a of the first shock 
absorber 41, mounted to the motor attachment plate 27, 
and 42m is a damper attachment portion for accepting 
the fixed end 42b of the second shock absorber 42. 41n 
is a damper attachment portion for accepting the fixed 
end 41b of the first shock absorber 41, mounted on the 
knuckle attachment plate 26 and 42n is a damper 
attachment portion for accepting the movable end 42a 
of the second shock absorber 42, 

Due to the above constitution, when the above 
motor 3 moves up in the wheel, the first shock absorber 
41 moves in the expansion direction and the second shock 
absorber 42 moves in the contraction direction. When 
the above motor 3 moves down in the wheel 2, the first 
shock absorber 41 moves in the contraction direction 
and the second shock absorber 42 moves in the expansion 
direction. Therefore, even when the motor 3 moves in 
the vertical direction, the spring of either one of the 
shock absorbers is always compressed to exhibit elastic 
force . 
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Since the motor is elastically supported by the 
two shock absorbers 41 and 42, as compared with the 
in-wheel motor system of the prior art shown in Fig. 
74, the number of elastic support parts can be greatly 
reduced and the damping unit can be made small in size 
and light in weight. Therefore, the unsprung mass of 
the vehicle can be reduced and variations in the 
ground-contact load of the tire can be further 
suppressed . 

As shown in. Fig. 59, the non-rotating side case 
3a of the motor may be elastically supported to the 
knuckle 5 in the vertical direction of the vehicle by 
a damping unit 20B comprising a first hydraulic 
absorber 43 which comprises a spring 43A, piston 43B 
and hydraulic cylinder 43C and has a movable end 43a 
connected to the motor attachment plate 27 and a fixed 
end 43b connected to the knuckle attachment plate 26 
and a second hydraulic absorber 44 which comprises a 
spring 44A, piston 44B and hydraulic cylinder 44C and 
has a movable end 44a connected to the knuckle 
attachment plate 26 and a fixed end 44b connected to 
the motor attachment plate 27 in place of the above shock 
absorbers 41 and 42. 

As shown in Fig. 60, the piston upper chamber 43m 
and the piston lower chamber 43n of the hydraulic 
cylinder 43C constituting the first hydraulic absorber 
43 having the above movable end 43a connected to the 
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motor side are connected to the piston upper chamber 
44m and the piston lower chamber 44n of the hydraulic 
cylinder 44C constituting the second hydraulic 
absorber 44 having the movable end 44a connected to the 
unsprung side of the vehicle by working oil passages 
45 and 46 having independent valves (orifices) 45v and 
4 6v, respectively. 

Thereby, the amount of working oil flowing into 
the working oil passage 45 from the piston upper chamber 
43m of the hydraulic cylinder 43C becomes the same as 
the amount of working oil flowing into the piston upper 
chamber 44m of the above hydraulic cylinder 44C, and 
the amount of working oil flowing into the working oil 
passage 46 from the piston lower chamber 44n of the above 
hydraulic cylinder 44C becomes the same as the amount 
of oil flowing into the piston lower chamber 43n of the 
hydraulic cylinder 43C. Therefore, when the piston rod 
43L connected to the piston 43P of the above hydraulic 
cylinder 43C expands, the piston rod 44L connected to 
the piston 44P of the above hydraulic cylinder 44C 
contracts with the same stroke as the piston rod 43L 
of the above hydraulic cylinder 43C. The pistons 43B 
and 44B of the first and second hydraulic absorbers 43 
and 44 onto which the springs 43A and 44A are fitted 
expand and contract according to the expansion and 
contraction of the above piston rods 43L and 44L. 
Therefore, even when the motor 3 moves in the vertical 



61 

direction, elastic force can be always obtained by any 
one of the hydraulic absorbers. 

As the hydraulic absorbers 43 and 44 are 
interconnected as described above in this embodiment, 
the piston upper chambers 43m and 44m and the piston 
lower chambers 43n and 44n of the hydraulic cylinders 
43C and 44C should be connected to each other, thereby 
making it possible to eliminate a reservoir tank and 
reduce the size and weight of the apparatus. 

Embodiment 5 

In the above Embodiments 1 to 4, the flexible 
coupling 10 which comprises the plurality of hollow 
disk-like plates llA to IIC and the direct-acting 
guides 12A and 12B for guiding the adjacent plates llA 
and IIB and the adjacent plates IIB and IIC in the radial 
direction of the disk is used as the drive force 
transmission mechanism. By using a flexible coupling 
comprising a plurality of cross guides in place of the 
above flexible coupling 10, drive force can be 
transmitted without fail and the apparatus can be 
reduced in weight, thereby making it possible to reduce 
the unsprung mass and further reduce variations in the 
ground-contact load of the tire as compared with the 
above prior art. 

Fig. 61 shows the constitution of an in-wheel 
motor system according to Embodiment 5. In Fig. 61, 
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reference numeral 1 denotes a tire, 2 a wheel composed 
of a rim 2a and a wheel disk 2b, and 3 an outer rotor 
type in-wheel motor comprising a motor stator (to be 
referred to as '"stator" hereinafter) 3S fixed to a 
non-rotating side case 3a installed on an inner side 
in the radial direction and a motor rotor (to be referred 
to as ""rotor" hereinafter) 3R fixed to a rotating side 
case 3b rotatably connected to the above non-rotating 
side case 3a by a bearing 3j and installed on an outer 
side in the radial direction. 

Numeral 4 denotes a hub portion connected to the 
rotary shaft of the wheel 2, 5 a knuckle as a frame 
dress-up part of the vehicle, connected to an axle 6, 
7 a suspension member composed of a shock absorber or 
.the like, 8 a brake unit mounted to the above hub portion 
4, 20 a damping unit for connecting the non-rotating 
side case 3a of the motor to the knuckle 5 as a frame 
dress-up part of the vehicle, which comprises two 
plates 26 and 27 whose moving directions are limited 
to the vertical direction of the vehicle by the 
direct-acting guides 21 and which are interconnected 
by first spring elements 22 movable in the vertical 
direction of the vehicle and dampers 25 with a spring 
element, each comprising a damper 23 and a second spring 
element 24 connected to the damper 23 in series, 
arranged parallel to the first spring elements 22, and 
50 a flexible coupling comprising a hollow-disk like 
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motor side plate 51 mounted to the rotating side case 
3b of the motor, a hollow disk-like wheel side plate 
52 mounted to the wheel 2, and a plurality of cross 
guides 53 for connecting the plates 51 and 52. 

The cross guides 53 which are each a combination 
of direct-acting guides whose axes cross each other as 
shown in Fig. 62 each consist of a motor side guide rail 
53A and a wheel side guide rail 53B both of which are 
beam-like members and a cross guide body 53C having 
guide grooves 53a and 53b for guiding the above guide 
rails 53A and 53B, formed in the top surface and under 
surface of a rectangular member. Thereby, the motor 
side guide rail 53A and the wheel side guide rail 53B 
can move along the guide grooves 53a and 53b of the cross 
guide body 53C in crossing directions. 

In this embodiment, as shown in Fig. 63, four of 
the above cross guides 53 (interval of 90°) are 
interposed between the motor side plate 51 and the wheel 
side plate 52 at equal intervals (90*^), and all the motor 
side guide rails 53A out of the cross guides 53 are 
arranged such that all of their moving directions 
become 45° from the radial direction of the rotor 3R. 
As a result, all the moving directions of the motor side 
guide rails 53A are the same (45° directions) and all 
the moving directions of the wheel side guide rails 533 
become perpendicular to the moving directions of the 
motor side guide rails 53A. 
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In the above constitution, torque from the 
rotating side case 3b of the in-wheel motor 3 is first 
applied to the motor side guide rails 53A through the 
motor side plate 51. The ci r cumf erent i a 1 -di r e ct ion 
force applied to the motor side guide rails 53A is 
transmitted to the wheel side guide rails 53B through 
the cross guide bodies 53C to drive the wheel 2. 

At this point, force for turning in the 
circumferential direction and force for pushing 
outward in the radial direction are applied to the cross 
guide bodies 53C by input from the motor side guide rails 
53A and reaction from the wheel side guide rails 53B 
as shown in Fig. 64. 

However, although the motor side guide rails 53A 
and the wheel side guide rails 53B move in the turning 
direction, they always try to keep their crossing 
directions and therefore, force for pushing the cross 
guides 53 outward in the radial direction is balanced 
with the twist reaction of the cross guide bodies 53C. 
As a result, as eccentricity can be absorbed only by 
the plurality of cross guides 53, torque from the rotor 
3R can be transmitted to the wheel 2 smoothly. 

According to this Embodiment 5, in the in-wheel 
motor system in which the non-rotating side case 3a for 
supporting the stator 3S of the in-wheel motor 3 is 
connected by the damping mechanism 20 in such a manner 
that it can move in the vertical direction of the vehicle. 
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the rotating side case 3b for supporting the rotor 3R 
and the wheel 2 are interconnected by the flexible 
coupling 50 which comprises a plurality of cross guides 
53 arranged in such a manner that the moving directions 
of the motor side guide rails 53A are all 45^ from the 
radial direction of the rotor 3R and all the moving 
directions of the wheel side guide rails 53B become 
perpendicular to the moving directions of the above 
motor side guide rails 53A, thereby making it possible 
to transmit the drive force of the motor 3 to the wheel 
2 without f ail . 

Since the intermediate plate can be eliminated, 
the drive force transmission mechanism is reduced in 
weight, vibration to be transmitted to the motor 3 can 
be greatly reduced, and the inertia of the drive system 
can be made small. Also, the degree of design freedom 
can be improved as there is no need of making a 
predetermined clearance in the wheel. 

Further, since the moving directions of the motor 
side guide rails 53A and the moving directions of the 
wheel side guide rails 53B can be limited to crossing 
directions by using the cross guides 53, assembly is 
easy, and the operation of the flexible coupling 50 can 
be stabilized- 

In the above Embodiment 5, four cross guides 53 
are used. The number of cross guides 53 is not limited 
to 4 and may be 2, 3 or 5 or more. The cross guides 
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53 are preferably interposed between the motor side 
plate 51 and the wheel side plate 52 at equal intervals. 

The guide rails 53A and 53B of the cross guides 
53 are not limited to a beam-like shape as shown in Fig. 
62 and may be members having a projection to be fitted 
in the guide grooves 53a and 53b of the cross guide. 
In order to slide the above guide rails 53A and 53B more 
smoothly, a plurality of steel balls may be placed 
between the above guide grooves 53a and 53b and the 
projections of the above guide rails 53A and 53B. 

Embodi ment 6 

In a vehicle having the above dynamic damper type 
in-wheel motor 3, as the above motor 3 vibrates 
vertically separately from the frame dress-up part in 
structure, a certain measure of space is needed between 
the above motor 3 and the wheel 2. Therefore, when the 
vehicle runs on a graveled road and gravel enters this 
space, the motor 3 vibrates in the wheel 2 and may be 
damaged. For the smooth operation of the flexible 
coupling 10, it is necessary to prevent the deformation 
of the coupling portion ( di r e c t -ac t i ng guides 12A and 
128 and hollow disk-like plates llA to IIC around them) 
by a flying stone or the entry of dust into the 
direct-acting guides 12A and 12B. 

Since the motor 3 and the frame dress-up part move 
separately, a bearing for the motor shaft must be 
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installed separately from a bearing for the axle. When 
a hollow motor such as the above motor 3 is used, the 
bearing 3j becomes large and its speed becomes high at 
the time of running. Therefore, a dust seal which is 
generally used for sealing a sma 1 1 - di ame t e r bearing 
cannot be used, whereby water may enter the inside of 
the motor 3 to damage the motor 3 when the vehicle goes 
through a puddle. 

In this embodiment, an effective water and dust 
preventing measure is taken for the above in-wheel 
motor system to improve the reliability of the above 
in-wheel motor system. 

Fig. 65 shows the constitution of an in-wheel 
motor system according to Embodiment 6. In Fig. 65, 
reference numeral 1 denotes a tire, 2 a wheel composed 
of a rim 2a and a wheel disk 2b, and 3 an outer rotor 
type in-wheel motor comprising a motor stator (to be 
referred to as '"stator" hereinafter) 3S fixed to a 
non-rotating side case 3a installed on an inner side 
in the radial direction and a motor rotor (to be referred 
to as ''rotor'' hereinafter) 3R fixed to a rotating side 
case 3b rotatably connected to the above non-rotating 
side case 3a by a bearing 3j and installed on an outer 
side in the radial direction. 

Numeral 4 denotes a hub portion connected to the 
rotary shaft of the wheel 2, 5 a knuckle as a frame 
dress-up part of the vehicle, connected to a suspension 
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arm 6,7 a suspension member composed of a shock absorber 
or the like, and 8 a brake unit composed of a brake disk 
mounted to the above hub portion 4 . 

Numeral 10 is a flexible coupling for connecting 
the rotating side case 3b of the motor to the wheel 2, 
and 20K is a damping mechanism for elastically 
supporting the non-rotating side case 3a to the above 
suspension arm 6. 

61 is a first annular dust boot interposed between 
the end opposite to the end to which the above flexible 
coupling 20 is mounted of the rotating side case 3b of 
the motor and the end opposed to the above end of the 
wheel 2, and 62 is a second annular dust boot interposed 
between the end to which the above flexible coupling 
10 is mounted of the above rotating side case 3b and 
the end. opposed to the above end of the wheel 2 to store 
the above flexible coupling 10. 

Fig, 66 shows an example of the flexible coupling 
10. This flexible coupling 10 comprises a plurality 
of hollow disk-like plates llA to IIC and direct-acting 
guides 12A and 12B on the front and rear sides of the 
central hollow disk-like plate IIB in such a manner that 
their moving directions cross each other. More 
specifically, the hollow disk-like plates llA and IIB 
are interconnected by the direct-acting guide 12A which 
consists of guide members 12a and 12a mounted to the 
surface opposite to the wheel 2 of the plate llA 
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positioned on the wheel 2 side at an interval of 180° 
and guide rails 12b and 12b to be mated with the above 
guide members 12a and 12a, installed on the above plate 
llA side of the intermediate plate IIB, and the hollow 
disk-like plates IIB and IIC are interconnected by the 
direct-acting guide 12B which consists of guide rails 
12c and 12c mounted to the rear side of the above plate 
lie at an interval of 180° in directions 90° from the 
above guide rails 12b and 12b and guide members 12d and 
12b to be mated with the above guide rails 12c and 12c, 
installed on the above plate 118 side of the plate IIC 
on the motor 3 side. Thereby, the motor shaft and the 
wheel shaft can be eccentrically interconnected in any 
direction, whereby it is possible to transmit torque 
from the rotating side case 3b to the wheel 2 
efficiently . 

Fig. 67 shows an example of the damping mechanism 
20K. This damping mechanism 20K comprises two plates 
26 and 27 whose moving directions are limited to the 
vertical direction of the vehicle by di rect -act ing 
guides 21 and which are interconnected by spring 
elements 22 and dampers 23 movable in the vertical 
direction of the vehicle. More specifically, four 
spring elements 22 which expand and contract in the 
vertical direction of the vehicle are installed in the 
four corners of the knuckle attachment plate 26 
positioned on the suspension arm 6 side, two dampers 
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23 which expand and contract in the vertical direction 
are installed on the inner side of the spring elements 
22, and the above plates 26 and 27 are interconnected 
by the four direct-acting guides 21 arranged 
symmetrical to the center of the plate. 

Thereby, the above in-wheel motor 3 is float 
mounted to a frame dress-up part so that the motor itself 
can serve as the weight of a dynamic damper, thereby 
making it possible to improve ground contacting 
performance and riding comfort when the vehicle runs 
on a rough road. 

In the above in-wheel motor system in which the 
motor has a dynamic damper function, as the motor shaft 
can move in the radial direction separately from the 
axle, as shown in Fig. 68, a space S must be formed 
between the motor 3 and the wheel 2. In this embodiment, 
the substantially hollow disk-like first annular dust 
boot 61 having a wavy sectional form in the direction 
perpendicular to the axis is installed between the 
suspension arm 6 side of the rotating side case 3b of 
the motor, that is, the end on a side opposite to the 
flexible coupling 10 mounting side and the end opposite 
to the end of the wheel 2 to form a partition so that 
the above space S is blocked from the outside. Since 
the entry of a stone and dust into the above space S 
can be thereby prevented, the reliability of the 
in-wheel motor system can be improved. 



71 



Since the stiffness in the radial direction of the 
above first annular dust boot 61 can be reduced by making 
wavy the sectional form in the direction perpendicular 
to the axis of the above first annular dust boot 61, 
the movement of the motor 3 in the wheel 2 can be made 
smoother. Further, in this embodiment, a plurality of 
holes 61s are formed in the vicinity of the mounting 
portion on the wheel 2 side of the above first annular 
dust boot 61 so that if water enters the above space 
S, it can be discharged from the above holes 61s to the 
outside by centrifugal force during driving. 

In this embodiment, as shown in Fig. 65 and Fig. 
68, the substantially hollow disk-like second annular 
dust boot 62 having a wavy sectional form in the 
direction perpendicular to the axis is mounted on the 
inner side of the above direct-acting guides 12A and 
12B between the hollow disk-like plate llA on the wheel 
disk 2b side and the hollow disk-like plate IIC on the 
motor side of the flexible coupling 10 so as to block 
the coupling portion of the above flexible coupling 10 
from the outside. 

That is, since the deformation of the above 
coupling portion by a flying stone and the entry of dust 
into the direct-acting guides 12A and 12B can be 
prevented by forming a partition on the inner side of 
the direct-acting guides 12A and 12B of the above 
flexible coupling 10 with the above second annular dust 
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boot 62, the above flexible coupling 10 can be moved 
smoothly and the reliability of the in-wheel motor 
system can be improved. 

Since the stiffness in the radial direction of the 
above second annular dust boot 61 can be reduced by 
making wavy the sectional form in the direction 
perpendicular to the axis of the above second annular 
dust boot 62, the flexible coupling 10 can be also moved 
smoothly . 

According to this Embodiment 6, in the in-wheel 
motor system in which the rotating side case 3a of the 
motor and the wheel 2 are interconnected by the flexible 
coupling 10 and the non-rotating side case 3a of the 
motor is connected to the knuckle 5 by the damping 
mechanism 20K, the space S formed between the above 
motor 3 and the wheel 2 is blocked from the outside by 
the first annular dust boot 61 having a wavy sectional 
form in the direction perpendicular to the axis to 
prevent the entry of dust and a stone into the above 
space S, and the partition is formed on the inner side 
of the above flexible coupling 10 by the second annular 
dust boot 62 to prevent the deformation of the coupling 
portion by a flying stone and the entry of dust into 
the direct-acting guides 12A and 12B in order to move 
the above flexible coupling 10 smoothly. Therefore, 
the reliability of the in-wheel motor system can be 
significantly improved . 
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Embodiment: 7 

Fig. 69 shows the constitution of an in-wheel 
motor system according to Embodiment 7. In Fig. 69, 
reference numeral 1 denotes a tire, 2 a wheel, 3 an outer 
rotor type in-wheel motor comprising a motor stator 3S 
fixed to a non-rotating side case 3a installed on an 
inner side in the radial direction and a motor rotor 
3R fixed to a rotating side case 3b rotatably connected 
to the above non-rotating side case 3a by a bearing 3j 
and installed on an outer side in the radial direction, 
4 a hub portion, 5 a knuckle, 6 a suspension arm, 7 a 
suspension member, 8 a brake unit, 10 a flexible 
coupling for interconnecting the rotating side case 3b 
of the motor to the wheel 2, 20K a damping mechanism 
for elastically supporting the non-rotating side case 
3a of the motor to the above suspension arm 6, and 70 
water-proofing means for closing the space in the axial 
direction of the above motor. 

As shown in Fig. 70, this water-proofing means 70 
is constructed such that stepped ( two- stepped ) notches 
71k and 72k are formed in the opposed surfaces of bearing 
fixing covers 71 and 72 mounted on the exterior side 
of the bearing 3j of the motor, cover members 71p and 
72p are installed on the exterior sides of the bearing 
fixing covers 71 and 72 in the above notches 71k and 
72k to form a hollow portion 73, and a resin ring 74 
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constituting a hollow disk-like partition able to move 
in the axial direction of the motor is stored in the 
hollow portion 73. 

Thereby, as shown in Fig. 71(a), since the inside 
temperature of the motor 3 is increased by heat 
generated by the motor 3 when the motor 3 runs (turns) , 
the inside pressure of the motor becomes higher than 
the outside air pressure, and the above resin ring 74 
moves outward in the axial direction of the motor, that 
is, toward the above cover members 71p and 72p. 
Therefore, even when the vehicle goes through a puddle 
having a certain measure of depth, the entry of water 
into the motor 3 can be prevented by this pressure 
di f f erence . 

When the motor 3 runs, the above resin ring 74 
turns together with the rotation side, expands by its 
centrifugal force and is pressed against the bearing 
fixing cover 71 of the rotating side case 3b, whereby 
the movement of the resin ring 74 in the axial direction 
of the motor may be prevented. To cope with this, in 
this embodiment, when the motor 3 turns, the space in 
the radial direction between the above resin ring 74 
and the bearing fixing cover 71 on the rotation side 
is made larger than the space in the radial direction 
between the above resin ring 74 and the bearing fixing 
cover 72 on the non-rotation side to prevent the above 
resin ring 74 from turning together with the rotation 
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side. As a result, the above resin ring 74 can move 
smoothly in the axial direction. 

When the vehicle stops in a puddle, as shown in 
Fig. 71(b), water enters from the space between the 
above cover members 71p and 72p. The above resin ring 
74 is moved inward in the axial direction of the motor 
by the pressure to close the space between the rotor 
and the stator formed by the above bearing fixing covers 
71 and 12, thereby making it possible to prevent the 
entry of water into the motor 3. 

In this Embodiment 1 , the stepped notches 711c and 
72k are formed in the opposed surfaces of the bearing 
fixing covers 71 and 72 mounted to the exterior side 
of the bearing 3j of the motor, the cover members 71p 
and 72p are mounted to the exterior sides of the bearing 
fixing covers 71 and 72 in the above notches 71k and 
72k to form the hollow portion 73, and the resin ring 
74 constituting the hollow disk-like partition which 
can move in the axial direction of the motor is stored 
in this hollow portion 73 to provide water-proofing 
means 70 so as to close the space in the axial direction 
of the motor 3. Therefore, even when a hollow motor 
such as the above in-wheel motor 3 is used, the entry 
of water into the motor 3 can be prevented and the 
reliability of the in-wheel motor system can be 
improved . 

In the above Embodiments 6 and 7, there has been 
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described a water-proofing and dust-preventing measure 
for the in-wheel motor system constituted such that the 
non-rotating side case 3a for supporting the stator 3S 
is elastically supported to the knuckle 5 by the damping 
mechanism 20K comprising two plates 26 and 27 which are 
interconnected by the spring elements 22 and the 
dampers 23 movable in the vertical direction of the 
vehicle and whose moving directions are limited to the 
vertical direction of the vehicle by the di r ect -act ing 
guides 21. It is needless to say that the present 
invention is not limited to this and can be applied to 
an in-wheel motor system having a hollow motor in which 
a direct-drive motor installed on a wheel portion and 
a frame dress-up part vibrate in the vertical direction 
separately . 

Industrial Feasibility 

As having been described above, according to the 
present invention, an in-wheel motor system in which 
an in-wheel motor is mounted to an unsprung portion of 
a vehicle by a damping member or a damping unit, the 
above motor is mounted to the unsprung portion of the 
vehicle by a damping member comprising spring elements 
and dampers with a spring element, each comprising a 
spring element and a damper element connected to the 
spring element in series and arranged parallel to the 
above spring elements . Therefore, as compared with the 
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dynamic damper type in-wheel motor system of the prior 
art, variations in the ground-contact load of the tire 
can be reduced and the road holding properties can be 
improved . 

When the above motor is mounted to the unsprung 
portion of the vehicle by spring elements, a damper 
element and a damper with a spring element, comprising 
a spring element and a damper element connected to the 
spring element in series and arranged parallel to the 
above spring elements and the damper element, the road 
holding properties can be further improved. 

By employing the in-wheel motor system of the 
present invention, an in-wheel motor car having 
excellent space efficiency and drive force, 
transmission efficiency and small variations in the 
grounding force of the tire can be realized. 

Since the in-wheel motor is connected to an 
unsprung portion of the vehicle by a plurality of shock 
absorbers which move in the vertical direction of the 
vehicle and the movable end of at least one of the above 
shock absorbers is connected to the motor side and the 
fixed end thereof is connected to the unsprung side, 
the movable end of at least one of the other shock 
absorbers is connected to the unsprung side and the 
fixed end thereof is connected to the motor side, the 
shock absorber unit for supporting the in-wheel motor 
can be made compact and light in weight, variations in 
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the grounding force of the tire can be reduced, and the 
road holding properties can be improved. 

Since the motor rotor and the wheel are 
interconnected by a plurality of cross guides which are 
arranged in the circumferential direction of the rotor 
at equal intervals and move in crossing directions on 
the front and rear sides, the moving directions of the 
guide members on the front and rear sides can be 
restricted without fail and the drive transmission 
mechanism can be made small in size and light in weight, 
thereby making it possible to reduce the inertia of the 
drive system. By reducing the size and weight, 
vibration transmitted to the motor can be greatly 
suppressed . 

Since the motor side guide rails of the above cross 
guides are arranged such that all of their moving 
directions h?ecome 45° from the radial direction of the 
motor rotor and the wheel side guide rails are arranged 
such that all of their moving directions become 
perpendicular to the moving directions of the above 
motor side guide rails, buckling deformation can be 
suppressed and only torque can be transmitted to the 
wheel without fail. As a result, an in-wheel motor car 
having excellent space efficiency and drive force 
transmission efficiency and small variations in the 
grounding force of the tire can be realized. 



